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This article focuses on ecosystem-based, time-series programs that presently rely on ships to make observations, collect samples, and conduct experiments. These ecosystem investigations are an important subset of the much larger portfolio of research-based, ocean timeseries programs that derive, in large part, from sustained IOC leadership (Valdés et al., 2010) . (Overland et al., 2006) and the relevant time scales of interest will vary depending upon the process under investigation. For example, habitat and ecosystem variability on time scales ranging from decades to millennia, or longer, can be obtained from natural archives, including deep-sea sediments, ice cores, and molecular biomarkers such as genes and genomes, to name a few resources. Instrument records of habitat variability are also invaluable for developing a comprehensive understanding, but cover a much shorter time period, at most a few centuries but more commonly years to a few decades.
In addition to temporal change, ecologists and oceanographers also need to measure and understand the spatial structure of the habitat and its inhabitants (Swanson and Sparks, 1990) . Contemporary spatial variability is probably more easily documented, studied, and understood than temporal variability. Indeed, the differences are akin to viewing a snapshot versus a full-length motion picture. However, spatial and temporal variability are inextricably coupled (Stommel, 1963;  On the other hand, observations made at geostationary ocean stations can resolve temporal variability over local scales, but cannot easily be extrapolated to regional or biome scales. Recently, it has been reported that the global extent of low-productivity oceanic regions is expanding (Polovina et al., 2008) , so spatial scaling of marine ecosystems may also have a key temporal component.
The design of the time-series program including both spatial coverage and the arrow of time
The accretion and subduction of oceanic plates, the rise and fall of sea level, the evolution and extinction of species, El Niño-La Niña climate oscillations, the vernal blooming of phytoplankton, and diel vertical migrations of mesozooplankton all share the common element of time, albeit on very different scales. Time is so fundamental to our understanding of Earth system processes that we sometimes take this important variable for granted, or worse, ignore it, in the development of conceptual models of how ocean habitats are structured and how they function. One undeniable fact of oceanic ecosystems is that they are complex, time variable, nonsteady state, nonlinear features, and need to be studied as such. However, chronic undersampling is a fact of life in oceanography (Platt et al., 1989) and still constrains the interpretation of available field data. Indeed, there are many examples in the scientific literature where interpretations from short-term ecological studies are at odds with similar data sets collected over much longer time scales (Strayer et al., 1986) . It is difficult to observe slow or abrupt environmental changes directly, much less to understand the fundamental cause-and-effect relationships of these changes. As data accumulate in a long-term ecological study, new phenomena become apparent and new understanding is achieved.
Much of the temporal change that has occurred in oceanic ecosystems over the 4.5-billion-year history of Earth can be characterized as directional change-for David m. Karl (dkarl@hawaii.edu (1984) (1985) (1986) (1987) (1988) and the Canadian Joint Global Flux Study (JGOFS) program (1992 (JGOFS) program ( -1997 .
Following the end of JGOFS, the (1969, 1972, 1975, 1978, 1981) . Unfortunately, and tragically, this sampling design imposed serious limitation on data analysis and on the detection of climate-related impacts on ecosystem dynamics (Chelton et al., 1982 
look-aND-see Vs. see-aND-Do
Some have argued that time-series science is akin to routine monitoring (Dickson et al., 2003) and organic (Hansell, 2005) carbon has already had a major influence on oceanic ecosystem time-series research. including, but not limited to, commercial fisheries (Allen and Harvey, 1928) .
In 1894, E.J. Allen was appointed the director of the laboratory, and shortly thereafter-in 1896-an 18.5-m vessel was purchased and outfitted to support local fieldwork (Southward and Roberts, 1987) . In addition to his leadership of the laboratory, Allen also conducted research on marine phytoplankton.
Among other achievements, Allen and his colleagues were able to establish laboratory cultures of selected phytoplankton that provided an opportunity to study their growth requirements, growth rates, and related functions. in seawater used a pre-concentration step that involved co-precipitation with iron hydroxide (Matthews, 1916 (Matthews, , 1917 , a predecessor of the modern "MAGIC" method (Karl and Tien, 1992) that was introduced to oceanography 75 years later.
In a series of publications on "phos- to study many variables related to the fertility of the sea, including the lability of dissolved organic matter , the importance of thermal stratification and mixing for phytoplankton growth (Atkins, 1924a,b) , and the proton balance in relation to net photosynthesis (Atkins, 1922a,b plankton production in the sea (Mills, 1989) . Coincident with the re-establishment of the time-series program,
Atkins prepared a two-part synthesis of what was known at that time about the controls of phytoplankton growth in the sea, including both physical (Atkins, 1926a) and chemical (Atkins, 1926b) factors. This body of extant knowledge served as a blueprint to focus the new phase of time-series research in the western English Channel.
As they began this second phase of fieldwork, the team also estab- (Atkins, 1926c (Atkins, , 1930 ; Figure 2 ), the first ever time series of nitrate using a novel colorimetric method that had been perfected for seawater analysis (Harvey, 1926 (Harvey, , 1928 , observations on the penetration of sunlight into seawater using a new photoelectric instrument (Poole and Atkins, 1937) , and use of a novel silk net sampler to concentrate and quantify the amount of phytoplankton in the water column (Harvey, 1934) . These time-series data, combined with the routine measurements of water temperature and salinity, provided a foundation for understanding plankton production and its control. This new knowledge, now part of the enduring legacy of biological oceanography, was reported in an article by the same title, "Plankton Production and Its Control" (Harvey et al., 1935) , and later in key review articles (Harvey, 1942 (Harvey, , 1950 and in an influential monograph (Harvey, 1955) (Cooper, 1938; Harvey, 1942) . This observation not only suggested a strong link between nutrient delivery-which was ultimately tied to ocean circulation-and organic matter production at higher trophic levels, but also revealed large year-to- (Russell et al., 1971; Cushing and Dickson, 1976; Southward, 1974 Southward, , 1980 Southward, , 1995 for the entire decade of observation, the total N:total P ratio was approximately 20:1, suggesting a tightly coupled biochemical balance in this ecosystem (Butler et al., 1979) .
In late 1987, the western English . relationships between dissolved inorganic and organic nutrients in the english Channel. The seasonal climatologies are based on observations made during an 11-year study period (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) . From Butler et al. (1979) occupies nearly 2 x 10 7 km 2 and is the largest circulation feature on our planet (Sverdrup et al., 1946) . to the upper euphotic zone (Hayward, 1991 (Hayward, 1987) .
Despite the fact that this extensive time series was biased with respect to season (70% of the cruises were in summer, June-September, and 35% in August alone) and was discontinuous over the 17-year period of observation (there were no cruises in 1970, 1975, 1978-79, 1981, or 1984) However, no direct measurements of nutrient loading were presented.
A subsequent study, which also included a decade of HOT observations, confirmed the high chl a concentrations and provided evidence for decreases in silicate and phosphate; primary production was also much higher than in the period prior to approximately 1980 (Karl et al., 2001 ). This observation period coincided with improvements in the measurement of in situ primary production, especially the use of tracemetal-free incubation techniques, so it is difficult to separate methodological changes from habitat differences.
However, the observed increases in chl a are independent of the primary (Karl, 1999; Karl et al., 2001 ).
Both Venrick et al. (1987 ) and, later, Polovina et al. (1994 Karl et al. (2001) phosphorus, and its relationship to the coupled cycles of carbon, nitrogen, and, possibly, iron (Karl et al., 2001 (Karl et al., , 2003 Karl, 2002 Karl, , 2007b . (Karl, 1999 (Karl, , 2002 . If true, this situation could eventually lead to a 20-to 30-year cycle of N vs.
P limitation of productivity (Karl, 2002) , and a shift in microbial community structure and ecosystem services. (Karl, 2007a) .
Science is a world of ideas, and progress in science is limited ultimately by the emergence of new hypotheses and by the ability to test them (Pomeroy, 1981) .
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